growing o x i d e f i l m s and t h e d e p t h d i s t r i b u t i o n o f i m p u r i t i e s i n low c o n c e n t r at i o n s i n t h e f i l m s . The v a l e n c y o f t h e s e d o p a n t s c a n be d e t e r m i n e d by XPS, t h u s p e r m i t t i n g t o e x p l a i n t h e i r i n f l u e n c e on d i f f u s i o n p r o c e s s e s .

The o x i d a t i o n r e s i s t a n c e o f m e t a l l i c a l l o y s i s d e t e r m i n e d by t h e growth k i n e t i c s o f t h e o x i d e f i l m and its a d h e r e n c e . These macroscopic p r o p e r t i e s a r e e a s i l y c h a r a c t er i z e d by thermogravimetry and mechanical t e s t s . But d i f f u s i o n k i n e t i c s deduced from thermogravimetry d a t a d i f f e r s e n s i b l y from t h e p r e d i c t i o n o f models, even i n t h e c a s e o f p u r e s i n g l e phased o x i d e f i l m s . The c l a s s i c a l t h e o r y p r o p o s e d f o r t h e growth o f s u c h f i l m s is b a s e d on t h e d i f f u s i o n o f atoms under t h e c o n t r o l o f u n i d i r e c t i o n a l s t o e c h i o m e t r y g r a d i e n t s from t h e o u t e r s u r f a c e t o t h e o x i d e -s u b s t r a t e i n t e r f a c e , w i t h d i f f u s i o n c o e f f i c i e n t s measured i n p u r e o x i d e s a t e q u i l i b r i u m . I t does n o t t a k e i n t o a c c o u n t t h e complex s t r u c t u r e o f growing o x i d e f i l m s
, r e s u l t i n g from i n t e r f a c i a l s t r e s s e s ( i n t e r f a c e w i t h t h e s u b s t r a t e and between o x i d e g r a i n s ) : l a t t i c e deformat i o n s c h a n g i n g t h e a c t i v a t i o n e n e r g y o f d i f f u s i o n , a n i s o t r o p i c c r i s t a l l i s a t i o n , d i sl o c a t i o n networks, i n t e r g r a n u l a r v o i d s and c r a c k s , a l l c o n s t i t u t i n g s h o r t p a t h f o r d i f f u s i o n .
Thus a n a l y t i c a l t e c h n i c s s u c h a s Secondary I o n Mass S p e c t r o m e t r y o r Nuclear R e a c t i o n A n a l y s i s , p e r m i t t i n g t o d e t e r m i n e d i f f u s i o n p r o f i l e s o f marked i s o t r o p e s i n t h i n l ay e r s , a r e v e r y u s e f u l t o s t u d y t h e d i f f u s i o n p r o c e s s e s i n t h e r m a l o x i d e f i l m s .
On t h e o t h e r hand, m e t a l l i c m a t e r i a l s a l w a y s c o n t a i n i m p u r i t i e s and d e l i b e r a t e addit i o n s , which d i s s o l v e o r p r e c i p i t a t e i n t h e o x i d e f i l m and d r a s t i c a l y modify a l l its s t r u c t u r a l , mechanical and p h y s i c o c h e m i c a l p r o p e r t i e s . I t is t h u s i m p o r t a n t f o r t h e o p t i m i s a t i o n o f t h e c o m p o s i t i o n o f h e a t -r e s i s t i n g a l l o y s , t o c h a r a c t e r i z e : -t h e d e p t h d i s t r i b u t i o n o f i m p u r i t i e s i n t h e f i l m . The SIMS t e c h n i q u e i s p e r f e c t l y s u i t e d f o r t h i s purpose, b e c a u s e o f its h i g h s e n s i b i l i t y , -t h e i r e v e n t u a l s e g r e g a t i o n a l o n g g r a i n b o u n d a r i e s o r t h e i r p r e c i p i t a t i o n . The STEM is t h e most p e r f o r m a n t t e c h n i q u e i n t h i s f i e l d , b u t i o n i c microscopy c a n a l s o p r o v i d e i n t e r e s t i n g r e s u l t s , a v o i d i n g t h e problem o f making t h i n a f i l m w i t h o u t changing i t s s t r u c t u r e , -t h e v a l e n c e s t a t e o f t h e s e f o r e i g n atoms and t h e i r i n f l u e n c e on t h e e l e c t r o n i c s t r u c t u r e o f t h e h o s t l a t t i c e , which d e t e r m i n e s t h e c o n c e n t r a t i o n o f p o i n t d e f e c t s i n t h e c r y s t a l and t h e i r m o b i l i t y . X r a y P h o t o e l e c t i o n S p e c t r o s c o p y g i v e p a r t i a l b u t e a s i l y a c c e s s i b l e i n f o r m a t i o n s c o n c e r n i n g t h i s t o p i c . However t h e r e a r e v e r y few d a t a on t h e i n s e r t i o n sites and v a l e n c e s t a t e s o f d o p a n t s i n o x i d e s ; f o r i n s t a n c e , no d a t a a r e a v a i l a b l e f o r i m p o r t a n t i m p u r i t i e s s u c h a s C, S, S i .
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JOURNAL DE PHYSIQUE
Exainples were c h o o s e~i t o i l 1 1 1 s t . r a t e t h e cnmpl.ementari.ty o f s p e c j . f i c i n f o r m a t i o n s obt a i n e d by SIMS and XPS.
More d e t a i l e d d a t a on t h e o x i d a t i o n mechanism o f t h e s t u d i e d m a t e r i a l s a r e g i v e n e l s ewhere ( 1 t o 4 )
. The used machines were a CAMECA SMI 300 microscope (5) and a LEYBOLD LMS 1 0 e q u i p~n e n t ( 6 ) . P a r t i c u l a r c o n d i t i o n s u f e x p e r i m e n t s a r e g i v e n i n f i y u r e capt i o n s .
I -DIFFUSION PROCESSES IN PURE N i O , Cr7O3 FILMS
The e x p e r i m e n t a l p r o c e d u r e used i n o u r e x p e r i m e n t s w i t h 180 i n v o l v e d o x i d i z i n g t h e samples s u c c e s s i v e l y 24 h i n n a t u r a l oxygen, t h e n 24 h i n a n atmosphere e n r i c h e d w i t h 25% 180 and f i n a l y 60 h i n n a t u r a l oxygen a g a i n , i n o r d e r t o o b t a i n f i l m s o f comparab l e t h i c k n e s s e s d u r i n g t h e t h r e e c y c l e s . O t h e r c y c l i n g s e q u e n c e s b a s e d on t h e para- I n t h e c a s e o f NiO f i l m ( c u r v e D ) , t h e a p p a r e n t w i d t h o f i n t e r f a c e s on p r o f i l e s ( c o r -. . r e s p o n d i n g t o a d e c r e a s e from 90% t o 10% o f t h e 180 o r 160 e m i s s i o n s ) c o r r e s p o n d s e x a c t l y t o t h e i r a v e r a g e r u g o s i t i e s measured by t a l y s t e p . The r e l a t i v e t h i c k n e s s e s o f o x i d e formed d u r i n q t h e t h r e e s u c c e s s i v e c y c l e s a r e i n good agreement w i t h thermo-1 6 -18 g r a v i m e t r y d a t a ( 1 ) . The symmetry of t h e p r o f i l e and t h e 180/( 0+ 0 ) r a t i o i n t h e e n r i c h e d l a y e r i n d i c a t e t h a t c a t i o n i c d i f f u s i o n is l a r g e l y p r e p o n d e r a n t i n t h e b u l k o f t h e o x i d e . A second maximum o f 180 is o f t e n o b s e r v e d a t t h e metal-oxide i n t e r f a c e ( c u r v e C) f o r samples o x i d i z e d a t low t e m p e r a t u r e s (600"-80O0C). I t was a t t r i b u t e d t o a d i f f u s i o n o f t h e t r a c e r i n s h o r t c i r c u i t s , t h u s p e r m i t t i n g t o e x p l a i n t h a t t h e d i f f u s i o n k i n e t i c s have a low a c t i v a t i o n e n e r g y i n t h i s r a n g e o f t e m p e r a t u r e ( 1 ) .
I n t h e c a n e of p u r e chromia f i l m s d e v e l o p e d on a 63Ni/37Cr a l l o y ( c u r v e E), e v i d e n c e o f t h e d i f f u s i o n o f t h e t r a c e r c a n b e d e t e c t e d on t h e p r o f i l e s . However t h e d i f f u s i o n o f c a t i o n s is more i m p o r t a n t t h a n t h a t o f oxygen.
I1 -INFLUENCE OF IMPURITIES ON THE OXIDATION OF N i
S i , A l , S, C, a l k a l i n e s a n d a l k a l i n e e a r t h s are t r a d i t i o n a l i m p u r i t i e s o f N i g r a d e s ; t h e y may a l s o b e i n t r o d u c e d a t t h e s u r f a c e d u r i n g p o l i s h i n g o r t h e r m a l t r e a t m e n t s .
W e o b s e r v e d f o r i n s t a n c e t h a t t h e o x i d a t i o n k i n e t i c s o f p u r e N i ( c o n t a i n i n g l e s s t h a n 50 ppm i m p u r i t i e s i n t h e b u l k ) v a r i e s o f a f a c t o r 3 a c c o r d i n g t o t h e p o l i s h i n g mode o f t h e s u r f a c e . T h i s f a c t was c o n n e c t e d w i t h t h e i m p o r t a n t m o d i f i c a t i o n s o f t h e s u rf a c e r u g o s i t y , o f t h e f i l m c r i s t a l l i s a t i o n a c c o r d i n g t o t h e s t r a i n s i n t h e N i s u r f ac e s and o f i m p u r i t i e s i n t r o d u c e d i n t h e f i l m (MORVAN J., PIVIN J.C., ROQUES-CARMES C., s u b m i t t e d f o r p u b l i c a t i o n i n Acta. Met.). SIMS p r o f i l e s o f f i g u r e 2 show f o r example t h a t v a r i o u s amounts o f S i , A l , K e n t e r i n t h e o x i d e f i l m a c c o r d i n g t o t h e p o l i s h i n g mode. I n a l l c a s e s t h e s e e l e m e n t s t e n d t o p r e c i p i t a t e n e a r t h e metal-oxide i n t e r f a c e . For s u r f a c e s a n n e a l e d o r p o l i s h e d e l e ct r o l y t i c a l y ( u n s t r a i n e d s u r f a c e s ) t h e growth k i n e t i c s o f t h e f i l m is v e r y heterogeneo u s on d i f f e r e n t g r a i n s o f t h e s u b s t r a t e : t h e v a r i a t i o n s i n t h e t h i c k n e s s o f t h e f i l m (and i n its c o l o r ) a r e connected w i t h v a r i a t i o n s o f a f a c t o r 1 0 i n t h e S i , A l ,
K c o n c e n t r a t i o n s . l e d a t 1200°C i n vacuum, o r a n n e a l e d t h e n p o l i s h e d w i t h 1 pm diamond p a s t e . The prof i l e s were r e c o r d e d w i t h a 5.5 kev ~r + bombardment under r e s i d u a l vacuum ; t h e analys e d a r e a (60 U m i n d i a m e t e r ) was s m a l l e r t h a n a g r a i n o f t h e s u b s t r a t e .
Experiments on N i s u r f a c e s s e l e c t i u e l y i m p l a n t e d w i t h S, C, S i ( 1 ) have shown t h a t S, S i t e n d t o r e d u c e t h e o x i d a t i o n k i n e t i c s , w h i l e s u r f a c e s i m p l a n t e d w i t h C o x i d i s e f a s t e r . N e i t h e r t h e 180 d i f f u s i o n n o r t h e o x i d e f i l m s t r u c t u r e a r e a f f e c t e d by t h e s e
i m p l a n t e d i m p u r i t i e s (1). I n t e r n a l stresses i n t h e o x i d e are s e n s i b l y m o d i f i e d by S, S i and l e s s a f f e c t e d by C ( 2 ) .
The v a l e n c e of t h e s e i m p u r i t i e s was d e t e r m i n e d by X.P.S. on N i O f i l m s doped w i t h 0.5% t o 2% o f C, S o r S i on a t h i c k n e s s o f a few t e n s nm by i o n i m p l a n t a t i o n ( T a b l e 1 and Fig. 3 ) .
i o n w i t h t h e m o d i f i c a t i o n o f t h e o x i d a t i o n k i n e t i c s is c o r r e c t f o r C, b u t t h e e f f e c t o f S, S i on t h e electric e q u i l i b r i u m o f t h e c r y s t a l must be minor.
The m o d i f i c a t i o n o f t h e t e n s o r o f i n t e r n a l stresses h a s a n o p p o s i t e and s t r o n g e r e ff e c t .
I11 -INFLUENCE OF AN Y ADDITION ON THE OXIDATION OF Ni-Cr ALLOYS Y i s added i n most h e a t -r e s i s t i n g a l l o y s d e v e l o p i n g chromia o r alumina f i l m s , i n o r d e r t o r e d u c e t h e growth k i n e t i c s o f t h e s e f i l m s and promote t h e i r a d h e r e n c e . We c o u l d d e m o n s t r a t e w i t h SIMS and i o n i c microscopy t h a t t h e s e b e n e f i c i a l e f f e c t s a r e due t o t h e d i s s o l u t i o n o f a few 100
ppm Y i n t h e f i l m , r a t h e r t h a n t o a mechanical k e y i n g o f t h e f i l m by i n t e r n a l p a r t i c l e s of Y203 ( 3 , 4 ) . On t h e c o n t r a r y p r o t u d i n g pegs o f
Y203 formed i n a l l o y s c o n t a i n i n g t o o l a r g e c o n c e n t r a t i o n s o f Y promote t h e s p a l l i n g o f t h e f i l m ( 4 ) . The s u p p r e s s i o n o f t h e o x i d a t i o n k i n e t i c s seems t o be o n l y due t o a d e c r e a s e o f t h e Cr d i f f u s i o n ; t h e 0 d i f f u s i o n becomes p r e p o n d e r a n t d e s p i t e t h e s t r o n g e r bonds exchanged by t h e s e atoms w i t h Y n e i g h b o u r s . * S l i g h t s h i f t s o f b i n d i n g e n e r g i e s ( 0 . 1 bo 0.6 eV) due t o c h a r g e s a c c u m u l a t i o n s were c o r r e c t e d by r e f e r e n c i n g a l l e n e r g i e s t o t h e known 0 1 s l e v e l s i n N i O , Cr203.
I t was supposed t h a t Y atoms a r e i n s e r t e d i n t h e l a t t i c e on
F i q . 3 -P a r t o f t h e XPS s p e c t r u m r e c o r -F i q . 4 -SIMS p r o f i l e o f t h e d e p t h d i s t r ided on NiO i m p l a n t e d w i t h 1016 c/cm2 b u t i o n o f a n 180 t r a c e r i n t h e Cr203 f i l m of = loo keV3 after Of nm formed a t 800°C on 63Ni/37Cr doped w i t h by s p u t t e r i n g w i t h ~r + i o n s . C o n d i t i o n s 9 . 1 0~' y/crn2 of 100 keV. The Y c o n c e n t r ao f XPS a n a l y s i s were : Mg Kci r a d i a t i o n , c o n s t a n t p a s s energy o f 50 eV, r e c o rt i o n i n t h e f i l m is a b o u t 300 ppm ( 3 ) .
d i n g time o f 1000 s. F i g . 5 -P a r t o f t h e XPS spectrum recorded on Cr203 doped w i t h 1016 y/cm2 of E = 100 keV, a f t e r s p u t t e r i n g 30 nm. The c o n d i t i o n s o f a n a l y s i s a r e t h e same as f o r Fig. 3 . The d i f f erences i n the i n t e n s i t i e s o f 02s peaks ( a t 22 eV), 02p peak ( a t 5.3 eV) i s due t o a d i f f erence i n the analysed areas. Their s l i g h t s h i f t o f 0.1 eV i s due t o a d i f f e r e n c e i n charge accumulation. The peak a t 2.2 eV i s r e l a t i v e t o uncoupled Cr3d electrons.
